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SPECIFICATION 



TITLE OF THE INVENTION 

Semiconductor Device and Method of Manufacturing the Same 
CROSS-REFERENCE TO RELATED APPLICATION 

application is related to Japanese application No. * 
2000-37 1625 N filed on December 6, 2000, whose priority is 
claimed under 35vUSC § 119, the disclosure of which is 
incorporated by refet^nce in its entirety. 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor 
device and a method of manufacturing the same. In 
particular, it relates to a semiconductor device in which 
short-distance wiring layers in functional blocks and 
long-distance wiring layers for connecting the functional 
blocks are formed to have optimum structures suitable for 
their objects, respectively, without increasing the number of 
manufacturing steps and the number of wiring layers. 

2. Description of Related Art 

In accordance with progress in miniaturization, 
operation speed and integration of semiconductor devices 
(integrated semiconductor circuits), delay of signal 
transmission due to wiring layers increases. The signal 
transmission delay due to the wiring layers is determined by a 
product value of capacity and resistance of the wiring layers. 

The capacity of the wiring layers is determined by a 



distance between the wiring layers, a thickness of the wiring 
layers and a dielectric constant of an insulating film between 
the wiring layers. The distance between the wiring layers can 
be enlarged by forming a multilayer wiring, which reduces the 
capacity. However, the formation of the multilayer wiring 
increases the number of manufacturing steps, raises 
production costs and thus decreases the yield. If the wiring 
layers are thinned, the capacity between the wiring layers can 
be reduced but resistance of the wiring layers increases. 
Further, since current density increases, a material for the 
wiring layers must be low resistive and highly 

electromigration-resistant. The wiring capacity can be further 
reduced by using a layer of low dielectric constant. Moreover, 
the resistance of the wiring layers can be reduced by forming 
thick wiring layers with a low resistive wiring material. 

Considering the circumstances mentioned above, low 
resistive and electromigration-resistant copper and an 
insulating film of low dielectric constant have been used in the 
field of high performance semiconductor devices as shown in 
Fig. 1. Further, in a short-distance wiring layer lying in an 
undermost part of the multiplayer wiring, ON resistance of 
transistors connected in series is greater than the wiring 
resistance. Therefore, the short-distance wiring layer is 
formed thin in view of importance of the wiring capacity. On 
the other hand, a low resistive transistor having high driving 



capability is used in a long-distance wiring layer. Therefore, 
thick wiring layers are formed at a greater distance 
therebetween in view of importance of the wiring resistance. 

Fig. 1 shows a semiconductor substrate 1 on which 
5 semiconductor elements have been formed, an interlayer 
insulating film 2, thin short-distance wiring layers 3, an 
interlayer insulating film 4 of low dielectric constant, 
middle-distance wiring layers 5 having a moderate thickness 
and thick long-distance wiring layers 6 used for connecting the 
10 functional blocks. 

Even if the wiring structure is optimized as described 
O above, it is getting difficult to transmit a signal of several GHz 

ifl 

IU or more through the entire distance of a chip, especially in the 

M* long-distance wiring layer, because of limitation of the wiring 

S=J 15 resistance and the wiring capacity. 

t3 In order to transmit a signal of high frequency of 

several GHz or more through a chip size distance of about 1 cm, 
it is desired to eliminate RC delay by using a transmission line 
such as a microstrip line or a coaxial cable (coaxial line) and 
20 realizing impedance matching at the end. This may be 

achieved by forming a multilayer wiring by a conventional 
method and then forming a transmission line. However, this 
method inevitably increases the number of manufacturing 
steps to form the multilayer wiring and the transmission line. 
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SUMMARY OF THE INVENTION 

In view of the above-described problems, the present 
invention has been achieved to form a normal wiring structure 
in the region for forming the functional blocks and at the same 
time, the transmission line or the coaxial line in the region for 
forming the wiring layers for connecting the functional blocks, 
without increasing the number of the manufacturing steps. 

According to the first aspect of the present invention, 
provided is a semiconductor device comprising: regions for 
forming a plurality of functional blocks; and a region for 
forming wiring layers for connecting the functional blocks, 
wherein each of the regions for forming the functional blocks 
includes a multilayer wiring, and the region for forming the 
wiring layers for connecting adjacent functional blocks 
includes a coaxial line comprised of a signal line and a ground 
line surrounding the signal line via an insulating film. 

According to the second aspect of the present 
invention, provided is a semiconductor device comprising: 
regions for forming a plurality of functional blocks; and a 
region for forming wiring layers for connecting the functional 
blocks, wherein each of the regions for forming the functional 
blocks includes a multilayer wiring, and the region for forming 
the wiring layers for connecting the functional blocks includes 
a transmission line comprised a signal line and ground lines or 
power source lines formed above and below the signal line, 



respectively to sandwich the signal line via an insulating film. 

According to the third aspect of the present invention, 
provided is a semiconductor device comprising: regions for 
forming a plurality of functional blocks; and a region for 
forming wiring layers for connecting the functional blocks, 
wherein each of the regions for forming the functional blocks 
includes a multilayer wiring, and the region for forming the 
wiring layers for connecting the functional blocks includes 
wiring layers thicker than those in the functional blocks, and a 
bottom surface of any wiring in the multilayer wiring provided 
in the region for forming the functional block is on the same 
plane as a bottom surface of the wiring layer provided in the 
region for forming the wiring layers for connecting the 
functional blocks. 

These and other objects of the present application will 
become more readily apparent from the detailed description 
given hereinafter. However, it should be understood that the 
detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way of 
illustration only, since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic sectional view for illustrating a 



wiring structure of a conventional semiconductor device; 

Fig. 2 is a schematic plan view for illustrating a 
semiconductor device according to the present invention; 

Figs. 3(1) to 3(3) are schematic sectional views for 
5 illustrating the semiconductor device according to the present 
invention; 

Figs. 4(A-1) to 4(B-4) are schematic sectional views for 
illustrating manufacturing steps of the semiconductor device 
according to the present invention; 

^5 10 Figs. 5(A-1) to 5(B-2) are schematic sectional views for 

illustrating manufacturing steps of the semiconductor device 

p according to the present invention; 

£1 Figs. 6(A-1) to 6(B-5) are schematic sectional views for 

M illustrating manufacturing steps of the semiconductor device 

P 15 according to the present invention; 

C3 Figs. 7(A-1) to 7(B-4) are schematic sectional views for 

illustrating manufacturing steps of the semiconductor device 
according to the present invention; 

Figs. 8(A-1) to 8(B-2) are schematic sectional views for 
20 illustrating manufacturing steps of the semiconductor device 
according to the present invention; 

Figs. 9(A-1) to 9(B-4) are schematic sectional views for 
illustrating manufacturing steps of the semiconductor device 
according to the present invention; 
25 Figs. 10(A-1) to 10(B-3) are schematic sectional views 
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for illustrating manufacturing steps of the semiconductor 
device according to the present invention; and 

Figs. ll(A-l) to ll(B-5) are schematic sectional views 
for illustrating manufacturing steps of the semiconductor 
5 device according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

According to the present invention, the 
above-mentioned semiconductor devices are provided. 

Also, the semiconductor device according to the first 
10 aspect of the present invention is formed by the following 
methods (1) and (2). 

(1) A method of manufacturing a semiconductor device 
having regions for forming a plurality of functional blocks and 
a region for forming wiring layers for connecting the functional 
15 blocks, the method comprises the steps of: forming a groove 
corresponding to a first wiring layer in an underlying 
insulating film in the region for forming the functional block 
and at the same time, forming a groove corresponding to a 
lower part of a ground line which surrounds a single line to 
20 form a coaxial line in an underlying insulating film in the 
region for forming the wiring layers for connecting the 
functional blocks; forming a barrier metal layer in the grooves 
by Damascene process, forming a wiring material layer, and 
then subjecting the wiring material layer to chemical 
25 mechanical polishing so that the wiring material layer is left 
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only in the grooves, thereby forming a first wiring layer and a 
lower part of the ground line; depositing a first insulating film 
capable of preventing diffusion of the wiring material, 
depositing a first interlayer insulating film, and then forming a 
5 hole for connecting the first wiring layer with a second wiring 
layer in the first interlayer insulating film in the region for 
forming the functional block and at the same time, forming 
grooves corresponding to side parts of the ground line in the 
first interlayer insulating film in the region for. forming the 
10 wiring layers for connecting the functional blocks; forming a 

groove corresponding to a second wiring layer in. the region for 
forming the functional block, and at the same time, forming a 
groove corresponding to a signal line in the region for forming 
the wiring layers for connecting the functional blocks; forming 
15 a barrier metal layer in the grooves by Damascene process, 

forming a wiring material layer, and then subjecting the wiring 
material layer to chemical mechanical polishing so that the 
wiring material layer is left only in the grooves, thereby 
forming a second wiring layer, side parts of the ground line 
20 and a signal line; depositing a second insulating film capable 
of preventing diffusion of the wiring material, depositing a 
second interlayer insulating film, and then forming a hole for 
connecting the second wiring layer with a third wiring layer in 
the second interlayer insulating film in the region for forming 
25 the functional block and at the same time, forming grooves 
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corresponding to side parts of the ground line in the second 
interlayer insulating film in the region for forming the wiring 
layers for connecting the functional blocks; forming a groove 
corresponding to a third wiring layer in the second interlayer 
insulating film in the region for forming the functional block 
and at the same time, forming a groove corresponding to an 
upper part of the ground line in the second interlayer 
insulating film in the region for forming the wiring layers for 
connecting the functional blocks; forming a barrier metal layer 
in the grooves by Damascene process, forming a wiring 
material layer, and then subjecting the wiring material layer to 
chemical mechanical polishing so that the wiring material layer 
is left only in the grooves, thereby forming a third wiring layer 
and an upper part of the ground line; and depositing a third 
insulating film capable of preventing diffusion of the wiring 
material. 

(2) A method of manufacturing a semiconductor device 
having regions for forming a plurality of functional blocks and 
a region for forming wiring layers for connecting the functional 
blocks, the method comprises the steps of: forming a groove 
corresponding to a first wiring layer in an underlying 
insulating film in the region for forming the functional block 
and at the same time, forming a groove corresponding to a 
lower part of a ground line which surrounds a single line to 
form a coaxial line in an underlying insulating film in the 



region for forming the wiring layers for connecting the 
functional blocks; forming a barrier metal layer in the grooves 
by Damascene process, forming a wiring material layer, and 
then subjecting the wiring material layer to chemical 
5 mechanical polishing so that the wiring material layer is left 
only in the grooves, thereby forming a first wiring layer and a 
lower part of the ground line; depositing a first insulating film 
capable of preventing diffusion of the wiring material, 
depositing a first interlayer insulating film, and then forming a 
y 10 hole for connecting the first wiring layer with a second wiring 
;0 layer in the first interlayer insulating film in the region for 

'■Fz 

■r 1 

3 forming the functional block and at the same time, forming 

* grooves corresponding to side parts of the ground line in the 

" first interlayer insulating film in the region for forming wiring 

^ 15 layers for connecting the functional blocks; forming a groove 
J corresponding to a second wiring layer in the first interlayer 

insulating film in the region for forming the functional block 
and at the same time, forming a groove corresponding to a 
signal line in the first interlayer insulating film in the region 
20 for forming the wiring layers for connecting the functional 
blocks; forming a barrier metal layer in the grooves by 
Damascene process, forming a wiring material layer, and then 
subjecting the wiring material layer to chemical mechanical 
polishing so that the wiring material layer is left only in the 
25 grooves, thereby forming a second wiring layer, side parts of 
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the ground line and a signal line; depositing a second 
insulating film capable of preventing diffusion of the wiring 
material, depositing a second interlayer insulating film, and 
then forming a hole for connecting the second wiring layer with 
5 a third wiring layer in the second interlayer insulating film in 
the region for forming the functional block and at the same 
time, forming grooves corresponding to side parts of the 
ground line and a signal line in the second interlayer 
insulating film in the region for forming the wiring layers for 

c:3 

uj 10 connecting the functional blocks; forming a groove 

%\j 

CO corresponding to a third wiring layer in the second interlayer 

if\ 

C3 insulating film in the region for forming the functional block 

In 

H and at the same time, forming grooves corresponding to side 

parts of the ground line and a signal line in the second 
O 15 interlayer insulating film in the region for forming the wiring 
7f layers for connecting the functional blocks; forming a barrier 

metal layer in the grooves by Damascene process, forming a 
wiring material layer, and then subjecting the wiring material 
layer to chemical mechanical polishing so that the wiring 
20 material layer is left only in the grooves, thereby forming a 
third wiring layer and a signal line; depositing a third 
insulating film capable of preventing diffusion of the wiring 
material, depositing a third interlayer insulating film, and then 
forming a hole for connecting the third wiring layer with a 
25 fourth wiring layer in the third interlayer insulating film in the 
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region for forming the functional block and at the same time, 
forming grooves corresponding to side parts of the ground line 
in the third insulating film in the region for forming the wiring 
layers for connecting the functional blocks; forming a g;roove 
corresponding to a fourth wiring layer in the third interlayer 
insulating film in the region for forming the functional block 
and at the same time, forming a groove corresponding to an 
upper part of the ground line in the third interlayer insulating 
film in the region for forming the wiring layers for connecting 
the functional blocks; forming a barrier metal layer in the 
grooves by Damascene process, forming a wiring material layer, 
and then subjecting the wiring material layer to chemical 
mechanical polishing so that the wiring material layer is left 
only in the grooves, thereby forming a fourth wiring layer and 
an upper part of the ground line; and depositing a fourth 
insulating film capable of preventing diffusion of the wiring 
material. 

The semiconductor device according to the second 
aspect of the present invention is formed by the following 
method. 

A method of manufacturing a semiconductor device 
having regions for forming a plurality of functional blocks and 
a region for forming wiring layers for connecting the functional 
blocks, the method comprising the steps of: forming a groove 
corresponding to a first wiring layer in an underlying interlayer 



insulating film in the region for forming the functional block 
and at the same time, forming a groove corresponding to a 
lower ground line or power source line in an underlying 
interlayer insulating film in the region for forming the wiring 
layers for connecting the functional blocks; forming a barrier 
metal layer in the grooves by Damascene process, forming a 
wiring material layer, and then subjecting the wiring material 
layer to chemical mechanical polishing so that the wiring 
material layer is left only in the grooves, thereby forming a 
first wiring layer and the lower ground line or power source 
line; depositing a first insulating film capable of preventing 
diffusion of the wiring material, depositing a first interlayer 
insulating film, and then forming a hole for connecting the first 
wiring layer with a second wiring layer in the first interlayer 
insulating film in the region for forming the functional block; 
forming a groove corresponding to a second wiring layer in the 
region for forming the functional block and at the same time, 
forming a groove corresponding to a signal line in the region 
for forming the wiring layers for connecting the functional 
blocks; forming a barrier metal layer in the grooves by 
Damascene process, forming a wiring material layer, and then 
subjecting the wiring material layer to chemical mechanical 
polishing so that the wiring material layer is left only in the 
grooves, thereby forming a second wiring layer and a signal 
line; depositing a second insulating film capable of preventing 



diffusion of the wiring material, depositing a second interlayer 
insulating film, and then forming a hole for connecting the 
second wiring layer with a third wiring layer in the second 
interlayer insulating film in the region for forming the 
functional block; forming a groove corresponding to a third 
wiring layer in the region for forming the functional block and 
at the same time, forming a groove corresponding to an upper 
ground line or power source line in the region for forming the 
wiring layers for connecting the functional blocks; forming a 
barrier metal layer in the grooves by Damascene process, 
forming a wiring material layer, and then subjecting the wiring 
material layer to chemical mechanical polishing so that the 
wiring material layer is left only in the grooves, thereby 
forming a third wiring layer and an upper ground line or power 
source line; and depositing a third insulating film capable of 
preventing diffusion of the wiring material. 

The semiconductor device according to the third 
aspect of the present invention is formed by the following 
method. 

A method of manufacturing a semiconductor device 
having regions for forming a plurality of functional blocks and 
a region for forming wiring layers for connecting the functional 
blocks, the method comprising the steps of: forming a groove 
corresponding to a first wiring layer in an underlying 
insulating film in the region for forming the functional block; 



forming a barrier metal layer in the groove by Damascene 
process, forming a wiring material layer, and then subjecting 
the wiring material layer to chemical mechanical polishing so 
that the wiring material layer is left only in the grooves, 
5 thereby forming a first wiring layer; depositing a first 

insulating film capable of preventing diffusion of the wiring 
material, depositing a first interlayer insulating film, and then 
forming a hole for connecting the first wiring layer with a 
second wiring layer in the first interlayer insulating film in the 
U3 10 region for forming the functional block and at the same time, 
CO forming a groove corresponding to a signal line in the first 

Q interlayer insulating film in the region for forming wiring 

*~ layers for connecting the functional blocks; forming a groove 

f* corresponding to a second wiring layer in the first interlayer 

H 15 insulating film in the region for forming the functional block, 
hf forming a barrier metal layer in the grooves by Damascene 

process, forming a wiring material layer, and then subjecting 
the wiring material layer to chemical mechanical polishing so 
that the wiring material layer is left only in the grooves, 
20 thereby forming a second wiring layer and a signal line; and 
depositing a second insulating film capable of preventing 
diffusion of the wiring material. 

Hereinafter, the present invention will be explained. 
A semiconductor device is comprised of a plurality of 
25 functional blocks as shown in a plan view of Fig. 2. Fig. 2 
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shows regions 7 for forming the functional blocks (hereinafter 
merely referred to as functional blocks) and a region 8 for 
forming wiring layers for connecting the functional blocks 
(hereinafter merely referred to as an interblock region). The 
wiring layers of the semiconductor device include 
short-distance wiring layers and middle-distance wiring layers 
for connecting semiconductor elements within the functional 
block 7 and long-distance wiring layers formed in the 
interblock region 8. A feature of the present invention is to 
provide the wiring layers in the functional block 7 and those in 
the interblock region 8 that are different in structure. 

Figs. 3(1) to 3(3) show the detail of the structure of 
the device according to the present invention. 

The wiring layers in the functional block may be 
formed to have a conventional wiring structure as shown in Fig. 
3(1). Accordingly, the existing design manner for the wiring 
layers in the functional block can be utilized directly. 

In the interblock region, a metal layer (signal line) 17 
may be surrounded by a ground layer comprised of metal 
layers 12, 15, 16, 20 and 2 1 so that a coaxial line is provided 
as shown in Fig. 3(2). Further, as shown in Fig. 3(3), a metal 
layer (signal line) 18 may be sandwiched between metal layers 
12 and 21 formed below and above the metal layer 18, 
respectively. The metal layers 12 and 21 serve as ground 
lines or power source lines, and constitute a transmission line 



together with the signal line. 

Figs. 3(1) to 3(3) show a semiconductor substrate 9 in 
the functional block and a semiconductor substrate 10 in the 

interblock region. On the semiconductor substrate 9 in the 

5 functional block, semiconductor elements may be formed in 

desired positions. The metal layers 12, 15-18, 20 and 21 are 

formed of copper or the like. A barrier metal layer may be 

formed on the periphery of the metal layers. Further, 

reference numerals 11, 13, 14, 19, 22 and 23 denote an 

10 interlayer insulating film, respectively. 

The above-mentioned wiring structure may be formed 
by a known Damascene process with an optimized patterning 
layout. For example, to form a coaxial line in the interblock 
region, a lower part of the ground line for surrounding the 

15 signal line (the metal layer 12 shown in Fig. 3(2)) is formed in 
the interblock region simultaneously with a step of forming a 
first wiring layer (the metal layer 12 in Fig. 3(1)) in the 
functional block. Then, the signal line and side parts of the 
ground line for surrounding the signal line (the metal layers 

20 15-17 shown in Fig. 3(2)) are formed in the interblock region 
simultaneously with a step of forming a via contact for 
connecting the first wiring layer with a second wiring layer and 
forming the second wiring layer (the metal layers 15 and 16 
shown in Fig. 3(1)) in the functional block. Further, side 

25 parts and an upper part of the ground line for surrounding the 
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signal line (the metal layers 20 and 21 shown in Fig. 3(2)) are 
formed in the interblock region simultaneously with a step of 
forming a via contact for connecting the second wiring layer 
with a third wiring layer and forming the third wiring layer (the 
5 metal layers 20 and 21 shown in Fig. 3(1)) in the functional 
block. In the case of providing a multilayer wiring, a second 
coaxial line can be formed in the same manner as described 
above. Inductors and capacitors may further be formed in the 
same manner as the above, if required. 
10 Examples 

Hereinafter, the present invention will be explained by 
way of examples with reference to the figures. 
Example 1 

Referring to Figs. 4(A-1) to 4(B-4) and Figs. 5(A-1) to 
15 (B-2), Example 1 will be described. Figs. 4(A-1) to 4(A-4) and 
Figs. 5(A-1) to 5(A-2) show sectional views for illustrating steps 
of forming normal wiring layers in a functional block 
(corresponding to a functional block 7 of Fig. 2). Figs. 4(B-1) 
to 4(B-4) and Figs. 5(B-1) to 5(B-2) show sectional views for 
20 illustrating steps of forming long-distance wiring layers in an 
interblock region (corresponding to an interblock region 8 of 
Fig. 2). 

Referring to Figs. 4(A-1) and 4(B-1), in the functional 
block, a groove 26 corresponding to a first wiring layer is 
25 formed on an interlayer insulating film 25a lying over a 
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semiconductor substrate 24 on which transistors have been 
formed. In the interblock region, a groove 27 corresponding 
to a lower part of a ground line surrounding a signal line so as 
to provide a coaxial line is formed simultaneously with the step 
5 of forming the groove 26 in the functional block. A depth of 
the grooves may be 3000-5000 A, but it is not particularly 
limited because it is predicted that the depth will be smaller in 
accordance with future progress in miniaturization of the 
device. 

10 In Figs. 4(A-2) and 4(B-2), a barrier metal layer 28 

made of Ta, TaN, TiN or the like is formed in the grooves 26 
and 27 to have a thickness of about 100-500A by known 
Damascene process. Then a copper film (wiring material 
layer) is formed on the entire surface by known electrolysis 

15 plating or CVD and subjected to chemical mechanical polishing 
(CMP) to leave the copper film 29 only in the grooves. Thus, 
the first wiring layers and the lower part of the ground line are 
formed in the functional block and the interblock region, 
respectively. This step can be carried out by a known 

20 method. 

Figs. 4(A-3) and 4(B-3) show that a first insulating 
film 30 made of silicon nitride capable of preventing diffusion 
of copper is deposited to a thickness of 100-500A and then a 
first interlayer insulating film 25b of 6000- 15000 A is 
25 deposited thereon, in which a connection hole 31 and grooves 
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32 are formed by known dual Damascene process. The 
interlayer insulating film may be a Si02 film or any other layer 
having low dielectric constant. If the layer of low dielectric 
constant is employed, the interlayer insulating film may be a 
5 multi-layered film rather than a single-layered film. 

Technique for etching the interlayer insulating film varies 
depending on the kind of material, but this is not important in 
the present invention. 

Explanation is given to the case where a Si02 film is 

10 used as the first interlayer insulating film 25b. In the 

above-mentioned step, the connection hole 31 for connecting 
the first and second wiring layers is formed in the functional 
block and the grooves 32 corresponding to side parts of the 
ground line are formed in the interblock region. Successively, 

15 a groove 33 corresponding to a second wiring layer is formed in 
the functional block and at the same time, a groove 34 
corresponding to a signal line is formed in the interblock 
region. A depth of the grooves may be 3000-5000 A, but this 
is not particularly limited as described above. 

20 Figs. 4(A-4) and 4(B-4) show that the second wiring 

layer comprising a battier metal layer 35 and a copper film 36 
are formed in the functional block, and the side parts of the 
ground line and the signal line are formed in the interblock 
region by known Damascene process and CVD. 

25 In Figs. 5(A-1) and 5(B-1), a second insulating film 37 



20 



of silicon nitride capable of preventing diffusion of copper is 
deposited to a thickness of 100-500A and then a second 
interlayer insulating film 25c of 6000- 1 5000 A is deposited, in 
which a connection hole 38 and grooves 39-41 are formed by 
known Damascene process. Specifically, the connection hole 
38 is formed in the functional block and at the same time, the 
grooves 39 corresponding to side parts of the ground line are 
formed in the interblock region. Then, the groove 40 
corresponding to a third wiring layer is formed in the 
functional block and at the same time, the groove 41 
corresponding to an upper part of the ground line is formed in 
the interblock region. 

Figs. 5(A-2) and 5(B-2) show that the third wiring 
layer and the upper part of the ground line, comprising a 
barrier metal layer 42 and a copper film 43, are formed by 
known Damascene process and CMP and then a third 
insulating film 44 of silicon nitride capable of preventing 
diffusion of copper is deposited to a thickness of 100-500 A. 

As described above, three-layered wiring is provided in 
the functional block and a coaxial line is formed in the 
interblock region. A second coaxial line can be formed by 
repeating the above-described steps. 

Figs. 6(A-1) to 6(B-5) show masks used for forming the 
wiring layers according to Example 1. Figs. 6(A-1) to 6(A-5) 
show masks used for patterning the functional block and Figs. 



6(B-1) to 6(B-5) show masks used for patterning the interblock 
region. 

Openings 45 and 46 shown in Figs. 6(A-1) and 6(B-1) 
correspond to the groove 26 for forming the first wiring layer 
5 shown in Fig. 4(A-1) and the groove 27 for forming the lower 
part of the ground line shown in Fig. 4(B-1), respectively. 
Openings 47 and 48 shown in Figs. 6(A-2) and 6(B-2) 
correspond to the connection hole 31 shown in Fig. 4(A-3) and 
the grooves 32 for forming the side parts of the ground line 
%P 10 shown in Fig. 4(B-3), respectively. 

W Openings 49 and 50 shown in Figs. 6(A-3) and 6(B-3) 

7-1*1 

Hi correspond to the groove 33 for forming the second wiring layer 

y ! 

f " shown in Fig. 4(A-3) and the groove 34 for forming the signal 

l2 line shown in Fig. 4(B-3), respectively. 

n 15 Openings 51 and 52 shown in Figs. 6(A-4) and 6(B-4) 

[J correspond to the connection hole 38 shown in Fig. 4(A-5) and 

the grooves 39 for forming the side parts of the ground line 
shown in Fig. 4(B-5), respectively. Further, Fig. 6(B-4) shows 
an opening 53 for providing an external connection hole for 
20 connecting the signal line with the upper part of the ground 
line. 

Openings 54 and 55 shown in Figs. 6(A-5) and 6(B-5) 
correspond to the groove 40 for forming the third wiring layer 
shown in Fig. 5(A-1) and the groove 41 for forming the upper 
25 part of the ground line shown in Fig. 5(B-1). Further, a mask 
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56 for connecting the signal line with the upper part of the 
ground line is provided. 
Example 2 

Figs. 7(A-1) to 7(B-4) and Figs. 8(A-1) to 8(B-2) are 
5 schematic sectional views for illustrating manufacturing steps 
of a semiconductor device according to Example 2. The 
semiconductor device of Example 2 is formed in the same 
manner as in Example 1 except that a transmission line is 
provided in the interblock region by sandwiching a signal line 
10 58 between copper films 57 and 59 to be served as ground 

lines or power source lines formed below and above the signal 
line, respectively. Two transmission lines are formed in the 
figures. 
Example 3 

15 Figs. 9(A-1) to 9(B-4) and Figs. 10(A-1) to 10(B-3) are 

schematic sectional views for illustrating manufacturing steps 
of a semiconductor device according to Example 3. The 
semiconductor device of Example 3 is formed in the same 
manner as in Example 1 except that a connection hole for 

20 connecting the second wiring layer with a third wiring layer 

and the third wiring layer are further formed in the functional 
block, a thick signal line is formed during the formation of the 
connection hole and the third wiring layer and a coaxial line is 
completed when a fourth wiring layer is formed in the 

25 functional block, in order to further reduce resistance of the 
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signal line. Figs. 9 and 10 show a third interlayer insulating 
film 25d, a groove 60 corresponding to the signal line, a third 
insulating film 61, a copper film 62 serves as the fourth wiring 
layer and an upper part of the ground line, a fourth insulating 
film 63 and a copper film 64 serves as the signal line. 
Example 4 

Figs. ll(A-l) to ll(B-5) show a simplified version of 
Example 1. That is, a semiconductor device is formed in the 
same manner as in Example 1 except that a thick wiring layer 
65 is formed in the interblock region during a step of forming a 
connection hole for connecting first and second wiring layers 
and forming the second wiring layer in the function block. 

According to the method of manufacturing the 
semiconductor device of the present invention, the wiring 
layers in the functional block and those in the interblock 
region that are different in structure are formed 
simultaneously, and a semiconductor device including 
long-distance wiring layers capable of transmitting high 
frequency signals at high speed is obtained without increasing 
the number of the manufacturing steps. 



